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Introduction
This paper examines the geographic agglomeration of establishments among Australian manufacturing industries and investigates the link between agglomeration, industry assistance and entry and exit rates of these establishments. We employ the methodologies developed by Ellison and Glaeser (1997) and, for comparison, Maurel and Sédillot (1999) to measure the extent of geographical agglomeration among Australian manufacturing establishments during the period of 1994-97. These measures are then linked with measures of industry assistance and establishment entry and exit rates.
By agglomeration, we mean the geographical co-location of firms or establishments.
The terms cluster and network are also used in the literature, but often they carry slightly different meanings. Clusters normally refer to groups of independent firms in a geographical location which are linked to each other in a production chain. For example, a biotech cluster refers not simply to biotech firms, but also to their upstream suppliers and downstream customers. Networks differ from clusters in that a network can involve firms in different geographical locations, for example, a global network. Like clusters, firms in an agglomeration share a common geographical location, but importantly, they may or may not have any link to each other-the empirical measures of agglomeration defined in this paper make no attempt to measure the upstream-downstream linkages across the chain of production activities.
There are many reasons why firms or establishments agglomerate in certain geographical regions. There may be cost-reducing externalities from co-locating with suppliers and/or customers, geographically bounded knowledge spillovers, or benefits from being close to a localised pool of specialist labour and/or other resources. The spillover effects are especially important for high-tech, knowledge intensive industries engaging in innovative activities. However, to realise these spillover effects firms may need to be given incentives to coordinate their location choices-a free market may not provide the mechanism for the emergence of a successful agglomeration when externalities are present. In this respect, government intervention can be critical in overcoming the coordination problem.
Firms' location choices can be induced by various policy measures such as those affecting the availability of skilled labour, research activities, financing, training facilities, land use and so on. However, for any policy initiative to be effective, an understanding of the existing pattern of agglomeration is a critical first step.
To our knowledge there has been no previous study examining the extent of agglomeration of Australian industries. Previous quantitative research in this area has been confined mainly to industrial concentration, for example, Bhattacharya and Block (2000), whose study on industry concentration was based on aggregated four-digit industry-level data. Other recent studies were concerned with the phenomena of clustering (for example, Marceau, 1999) and are closer to management case studies. As a result, it is not known how agglomeration in the Australian manufacturing industry compares with the situation in other countries. Given the evidence of substantial variation internationally in the level and dynamics of agglomeration, we believe it is valuable to extend the current knowledge in relation to Australian manufacturing industries. Our detailed data also allow us to contribute to a related literature that investigates how agglomeration is related to industry assistance (such as tariffs and non-tariff barriers, and local content schemes) and establishment dynamics. The results will add to an understanding of how geographical agglomeration in Australia has changed over time.
An extensive international literature has developed which measures the extent of agglomeration and evaluates its possible sources. Ellison and Glaeser (1997) , for example, develop a measure of agglomeration and apply it to US manufacturing industries. Ellison and Glaeser (1999) further investigate the sources of agglomeration and find that, broadly measured, natural advantages can explain more than half of the observed geographic concentration level. Maurel and Sédillot (1999) propose a similar measure to that of Ellison and Glaeser (1997) and apply it to French manufacturing. Devereux et al. (2004) compare the level of geographic agglomeration in UK manufacturing with that of the United States and France. They find that, relative to these countries, UK agglomeration is lower. In addition, they also find that high-tech industries in the United Kingdom are relatively more dispersed than non-high-tech industries.
Recent literature also examines how agglomeration is linked to industry dynamics (entry and exit patterns) and attempts to explain the dynamics of agglomeration itself. Devereux et al. (2004) , for example, find that agglomerated industries exhibit less churning and higher rates of survival and that entry tends to increase agglomeration. In contrast, Dumais et al. (2002) find that the location of new firms reduces agglomeration in the United States; they also find a declining level of agglomeration in US manufacturing industries. This variation across countries is further confirmed by Barrios et al. (2005) , who study the dynamics of agglomeration in Ireland and Portugal.
The role of industry assistance in successful agglomeration deserves a closer look. In the trade liberalisation literature, there are two conflicting views on the removal of trade barriers (which lowers the extent of industry assistance). Krugman and Elizondo (1996) suggest that trade liberalisation decreases agglomeration because it reduces the importance of the local market and hence the incentive to agglomerate, from the perspective of the producers. Paluzie (2001), however, shows that with mobile labour the relationship might be reversed. The evidence is mixed and mostly based on indirect analysis. We contribute to this literature by linking agglomeration to a direct measure of industry assistance, known as the effective rate of assistance (ERA), which gives a quantitative measure of the degree by which industries are protected in the form of tariff and non-tariff barriers, quantitative restrictions, tax concessions and so on.
The rest of the paper is structured as follows. Section 2 outlines the methodology for measuring agglomeration, Section 3 gives a brief description of the data used, while Section 4 presents the main findings about the extent of agglomeration in Australian manufacturing. Section 5 tracks the changes in agglomeration of Australian manufacturing industries during the period 1994-97, while Section 6 attempts to link agglomeration to a measure of industry assistance and measures of industry dynamics in the form of entry and exit rates. Section 7 concludes.
Measures of agglomeration
The empirical work discussed below makes use of two measures of agglomeration developed in the late 1990s-the indices proposed by Ellison and Glaeser (1997) 
where z ki is the employment share of plant k in industry i and I ka is an indicator variable equal to one if plant k is located in area a.
Suppose area a presents no particular advantages for industry i, then one could expect s ai to be approximately the same as x a . Thus a raw measure of geographic concentration of industry i is
Note that G i varies between zero (not concentrated) and one (very concentrated). The G i measure, however, is sensitive to the concentration of production within an industry.
For example, if the employment of an industry is concentrated in a few plants located in a single area, the G i measure will produce a high value even if the plants' location decisions have nothing to do with each other. Thus, for a measure of agglomeration to be useful, one must also take into account the industry size distribution as measured by the Herfindahl index in terms of employment:
Ellison and Glaeser (1997) show that, in a location choice model in which plants in an industry sequentially choose location to maximize profit, an index of geographic concentration can be constructed based on G i and H i as follows: 
Define a measure of raw geographic concentration:
We can then re-write the MS index (4) as
which is similar to the EG index if we write the latter as
Maurel and Sédillot further show that, as with the EG index, the expected value of the For our purposes the most important fields in the data are the five-digit statistical local area (SLA) codes, the number of employees and the four-digit standard industrial classification code (ANZSIC) for each establishment. Table 1 provides the distribution of establishments and total employment over 28 manufacturing industries for each of the two periods.
MS is zero (E(MS
After eliminating observations with missing information, there were 52,608 establishments in 1994 and 71,757 establishments in 1997 in our 'cleaned' sample. Table 1 The distribution across industries varies slightly in terms of employment. As shown in Table 1 , just under half (48 per cent) of total manufacturing employment was in five industries in 1994 and 68 per cent was across ten industries. These percentages fell slightly by about two percentage points, to 46 per cent and 66 per cent, respectively, by 1997. The top three industries by employment in both years were food and tobacco, printing and the metal products industries. These three industries accounted for 35 per cent of total employment in manufacturing in both years.
Agglomeration of Australian manufacturing
Using the establishment data, we compute the EG and MS indices for each of the fourdigit ANZSIC manufacturing industries; the results are summarised in Table 2 After examining the empirical distribution of the agglomeration indices, Maurel and
Sédillot (1999) found that the distribution can be quite skewed. This feature is also borne out in our data. Figure 1 presents the density plots of the two indices, both the distributions of EG and MS indices are skewed. However, MS index's distribution is substantially more skewed (to the right) than that of the EG index. We also note that the skewness of the distributions is similar to that observed in the United Kingdom, the United States and France (see Devereux et al, 2004 ). We next examine the 20 most and least agglomerated industries in 1994 and 1997. Table 3 presents four concentration measures at the four-digit ANZSIC industry classification level for the top 20 industries, sorted in terms of the EG index in 1994 and 1997 respectively. The most highly agglomerated manufacturing industry in 1994 was the synthetic resin industry, followed by wood chipping, basic iron and steel and ceramic products. This pattern perhaps reflect the importance of proximity to the raw materials used in these industries-petroleum and chemicals in the case of the resin industry, trees and timber supply in the case of wood chipping, and coal and iron ore in the case of iron and steel. A similar high degree of agglomeration in these industries has also been observed in the United Kingdom and France. Proximity to raw materials may also explain the high degree of agglomeration for some other industries listed in Table 3 , such as alumina, non-ferrous metals, pesticides and explosive manufacturing.
However, industries such as books and book publishing, recorded media manufacturing and publishing, and textiles might show higher agglomeration because of market driven forces rather than any desire to locate close to suppliers. We next examine the bottom end of the agglomeration list. Table 4 Table 6 presents the transition of agglomeration in terms of the number of manufacturing establishments in both 1994 and 1997. We next examine the transition of agglomeration in terms of manufacturing employment. Table 7 shows that 88 per cent of manufacturing workers were employed in not very Despite the increased degree of agglomeration in manufacturing as indicated by the number of four-digit industries, the number of establishments and the share of employment, it is clear from Tables 5-7 that most manufacturing industries remained in the not very agglomerated category. This finding is consistent with the earlier finding that
Australian manufacturing has the lowest degree of agglomeration compared to other developed economies documented elsewhere. We next investigate whether the degree of agglomeration in Australian manufacturing is affected by policy measures that provide industry assistance and/or protection. while printing and publishing industries experienced a substantially smaller decrease in assistance. These differences in ERAs can also be measured in relative terms. Thus, Table 8 reports regression results based on absolute as well as relative changes in ERAs. The regression results are summarised in Table 8 . The ERA coefficient estimate suggest that, on average, industries with a one percentage point higher ERA have a roughly two per cent higher level of agglomeration, and this marginal effect is statistically significant at the 10% level. The regression results in the second column also confirms the significantly higher level of agglomeration in 1997, as indicated by the statistically significant coefficient for the year dummy variable D 1997 . The same regression also shows that the change in the link between industry assistance and agglomeration (the time interaction effect) over time is positive, but not statistically significant. On the whole, these results imply that industries with higher protection were more likely to be agglomerated.
These results imply that trade liberalisation which leads to lower ERAs in some industries would also lead to a lesser degree of agglomeration in these industries, all else being equal. Table 8 also includes regression models that attempt to capture the effects of absolute and relative changes in industry assistance. The third and fourth columns show the estimated effect of respectively absolute and relative changes in the ERAs. Given earlier results showing that ERAs are positively related to agglomeration, we would expect that a decline in ERAs will be negatively associated with agglomeration, all else being equal. The results affirm this belief although not completely-the coefficient estimates are negative but not statistically significant. Therefore we conclude that, while industry assistance may increase agglomeration, the extent to which it does so is not The regression results are summarised in Table 9 , which shows no significant relationship between agglomeration and establishment dynamics in each industry. Thus, unlike in the UK manufacturing as reported in Devereux et al. (2004) , Australian establishment entry and exit rates are not statistically significantly higher in more agglomerated industries. 
Conclusion
This paper examines the extent of agglomeration within the Australian manufacturing industry, using establishment level data. We also investigate the link between agglomeration and industry assistance, as well as between agglomeration and industry dynamics.
Compared to the United Kingdom, the United States, France and several other developed economies, the degree of agglomeration in Australian manufacturing is low, although the types of industries at the upper and lower end of the agglomeration scale are broadly similar. Furthermore, unlike in these countries, manufacturing agglomeration in Australia shows no statistically significant relationship with industry dynamics.
It is also worth noting that, although low, the degree of agglomeration of Australian manufacturing about doubled between 1994 and 1997.
We also investigate the relationship between agglomeration and the extent of assistance received by industries using the effective rate of assistance measures compiled by the Industry Commission (1995). We find that industry assistance did contribute to increased agglomeration during the period studied. We further find that industries that enjoyed less assistance due to trade liberalisation and other industry reforms did not necessarily become less agglomerated. In fact, the sign of our coefficient estimates seems to indicate otherwise, although they are not statistically significant. We conjecture that trade liberalisation may have countervailing effects on agglomeration-on one hand it encourages imports which may have replaced existing industries, some of which were agglomerated; but on the other hand it may also facilitate knowledge spillovers, the effects of which may encourage agglomeration.
